The milk fat contents in foods have so far been quantified by several types of analytical methods. The most conventional method is the analysis of the amount of butyric acid Bu in foods using GC-FID, because Bu is only contained in milk fat 4, 5 . Even though cocoa butter and coconut oil possess similar physical characteristics to milk fat, they do not bind Bu in their structures. For example, there has been a report on the analysis of the content of Bu in 126 European milk samples 6 . This method is already registered as an AOCS official method 7 ; however, the sample preparation procedure is not simple, and there is a possibility that the content of Bu is affected by the feeding conditions and lactation timing 8 . Consequently, other methods that help overcome these problems have been developed recently. The main component of milk fat is TAG, which consists of glycerol and three fatty acids 9, 10 . Milk fat consists of many kinds of fatty acids, and their existence complicates the TAG structure that constitutes milk fat. However, there are distinctive TAGs, even if the TAG composition of milk fat is complicated. For example, TAG binding two long-chain saturated fatty acids at the sn-1 and 2 positions and one short-chain saturated fatty acid at the sn-3 position was revealed. This is characteristically contained in milk fat, and thus, a milk-fat quantification method using TAG as the indicator was developed. Buchgraber et al. developed a milk-fat quantification method for chocolate, employing 1-palmitoyl-2-stearoyl-3-butyroylrac-glycerol PSB as the indicator with GC-FID 11 . This is an excellent method because other types of fat and oil do not contain PSB. The GC-FID method is a quantitative method possessing a high peak resolution. Therefore, this method is registered as an AOCS official method 12 . GC-EI-MS is also available for the quantification of TAG molecular species in milk fat. Kemppinen et al. used GC-EI-MS to quantify 139 species of TAG, including several TAG positional isomers contained in butterfat 13 . However, the GC method needs pretreatments such as extraction and dewatering, and such handling takes a lot of time when many samples require analysis. LC analysis is also available as an analytical tool for the quantification of milk fat in foods, and LC-ESI-MS/MS has already been used by Kalo et al. for the quantification of the amount of TAG molecular species binding short-chain fatty acids in butter fat 14, 15 . They employed normal-phase LC conditions, and TAG positional isomers were also separated. The separation of TAG positional isomers is probably available for detecting characteristic TAGs that generated by interesterification of milk fat. In these GC and LC methods, however, the resolution of TAG positional isomer pairs was not high. Recently, we developed a simple method for the separation of TAG positional isomers using LC-APCI-MS/MS with an octacocyl silylation C28 column. This method can separate TAG positional isomers consisting of two long-chain saturated fatty acids and one short-chain saturated fatty acid, which are characteristically contained in milk fat 16, 17 .
This is an LC method, so it does not require time-consuming pretreatment before analysis. For the determination of milk fat contents, we developed a quantification method for TAG consisting of two long-chain and one short-chain saturated acids in butter and/or margarine, which were diluted directly with organic solvents before injection. We employed 1,2-dipalmitoyl-3-butyroyl-glycerol PPBu and triundecanoin C 11 C 11 C 11 as the marker for milk fat analysis and the internal standard, respectively. A method for milkfat quantification in foods was developed using LC-APCI-MS/MS equipped with a C28 column. A simple pretreatment method before analysis was also examined.
EXPERIMENTAL

Chemicals and materials
All reagents were purchased from Wako Pure Chemical Industries, Ltd. Osaka, Japan . rac-PPBu, 1,3-dipalmitoyl-2-butyroyl-sn-glycerol PBuP , and C 11 C 11 C 11 are in-house products Tsukishima Foods Industry Co., Ltd., Tokyo, Japan . These were manufactured according to the synthesis methods described previously 18 . Food samples such as butters, margarine, butter-blended margarine 15 butter used , and butter cookies 3 butter used were purchased at a supermarket in Tokyo, Japan.
2.2 Preparation of calibration curves for rac-PPBu and PBuP using C 11 C 11 C 11 as an internal standard Equal amounts of rac-PPBu and PBuP were dissolved in 2-propanol, and seven standard solutions 250, 200, 150, 100, 50, 10, and 1 μg/mL were prepared. For example, the 250 μg/mL standard solution contained 250 μg/mL rac-PPBu and 250 μg/mL PBuP. C 11 C 11 C 11 was also added to each standard solution at a concentration of 10 μg/mL.
Each prepared standard sample solution 20 μL was injected into the LC-APCI-MS/MS system composed of a C28 column Sunrise C28, 4.6 mm i.d. 250 mm, 5 μm, ChromaNik Technologies Inc., Osaka, Japan , an LC system Alliance e2695, Waters Corporation, Milford, MA , an ultraviolet UV -visible light detector 2489 UV Visible Detector, Waters Corporation , and an APCI-MS system Quattro micro API, Waters Corporation . Mobile phase, flow rate, and column temperature conditions were acetone/acetonitrile 8/2 v/v , 1.0 mL/min, and 15 , respectively. The operational software MassLynx Ver. 4.1 Waters Corporation was used for LC-APCI-MS/MS. The ion source parameters were as follows: polarity, APCI positive; corona current, 3.0 μA; source temperature, 120 ; desolvation temperature, 450 ; cone gas flow, 50 L/h; desolvation gas flow, 200 L/h; and data acquisition mode, multiple reaction monitoring MRM .
The calibration curves plotted the concentration of rac-PPBu or PBuP on the x-axis and the chromatogram peak area ratio expressed as rac-PPBu or PBuP divided by C 11 C 11 C 11 on the y-axis. The limit of detection LOD and limit of quantification LOQ of this method were calculated using the signal-to-noise ratio s/n . The detection limit and quantification limit were defined as s/n 3 and 10, respectively 19 .
2.3 Quantification of PPBu contents in butters by two methods Two methods, Method A and Method B Fig. 1 , were used to quantify the amount of fat in the purchased butters.
Method A
The lipid sample was extracted from the purchased butter by the Folch procedure 20 . The butter was diluted nine-fold by volume with distilled water. The diluted butter was added to double its volume of a mixture of chloroform and methanol 2/1, v/v in a test tube equipped with a screw cap, and the mixture was mixed vigorously with a vortex mixer and centrifuged at 1,500 g for 10 min. The bottom layer was collected and dried using a nitrogen stream at room temperature, and the fat was finally obtained. This extracted fat was weighed and used as butter oil BO . The BO was diluted with 2-propanol to a concentration of 5 mg/mL. Then C 11 C 11 C 11 was added to the solution to give a concentration of 10 μg/mL. The solution was filtered using a 0.45-μm membrane filter before analysis. Ten microliter of the filtered sample was injected into the LC-APCI-MS/MS system, and the PPBu content in the butter oil g/100g BO was calculated using equation 1 Eq. 1 :
PPBu Method A PAR Sample IC CC / S CC C sample 10 Eq. 1
where PAR Sample , IC CC , S CC , and C sample are the peak area ratio PPBu/C 11 C 11 C 11 in the sample prepared by Method A, the intercept of the calibration curve, the slope of the calibration curve, and the concentration of the sample solution mg/mL , respectively.
Method B
The purchased butter was diluted directly with 2-propanol to a concentration of 5 mg/mL, and C 11 C 11 C 11 was added to the solution to give a concentration of 10 μg/mL. The solution was filtered using a 0.45-μm membrane filter before analysis. The lipid content in the butter was quantified by rapid NMR SMART Trac2, CEM Corporation, Matthews, NC according to the AOAC method 21 . The PPBu content in the BO g/100 g BO was calculated using equation 2 Eq. 2 :
PPBu Method B PAR Sample IC CC / S CC C sample 10 LC Sample /100 Eq. 2
where PAR Sample , IC CC , S CC , C sample , LC sample are the peak area ratio PPBu/C 11 C 11 C 11 in the sample prepared by Method B, the intercept of the calibration curve, the slope of the calibration curve, the concentration of the sample solution mg/mL , and the lipid content in the sample analyzed by NMR , respectively.
Recovery test using butter
The purchased butter and the butter with 40 μg/mL of rac-PPBu added equivalent to approximately 20 PPBu content in butter oil were used as samples. The contents of PPBu in both butters were quantified using Methods A and B, and the recovery rate was calculated. 20:80, 5:95, and 0:100 w/w . The mixed oil was diluted with 2-propanol to 5 mg/mL, and C 11 C 11 C 11 was added to the solution to a concentration of 10 μg/mL. The mixed solutions were analyzed using LC-APCI-MS/MS, and the contents of PPBu in BO, MO, and blends thereof were quantified using the equation given in section 2.3.1.
The milk fat contents in the blends of BO and MO were calculated from the PPBu contents in the pure BO and blends.
Bu Method conventional method using GC-FID
The mixtures of BO and MO prepared in section 2.5.1 were also used as samples. The sample 100 mg was dissolved in hexane 2 mL and butyl isovalerate standard solution 1 mL, 0.5 mg/mL in hexane , and potassium hydroxide solution 0.5 mL, 2 M in butanol was added. The solution was mixed vigorously with a vortex mixer and distilled water was added. The mixture was centrifuged at 3,000 g for 10 min. The hexane layer was collected and dried over anhydrous sodium sulfate. The sample solution was injected into the GC system HP6890, Agilent Technologies, Santa Clara, CA equipped with a capillary column CP-WAX 52 CB, 30 m 0.25 mmI.D., Agilent Technologies , and the Bu content was quantified using butyl isovalerate as an internal standard.
The milk fat contents in the blends of BO and MO were calculated from the Bu contents analyzed in the pure BO and blends.
2.6 Quantification of milk fat contents in butter-blended margarine and butter cookies using PPBu method 2.6.1 Method A The oil contained in the purchased butter-blended margarine butter-blended percentage printed on the package was 15 and butter cookies percentage of butter used printed on the package was 3 was extracted by the method detailed in section 2.3.1. The PPBu content in the sample g/100 g oil was calculated using Eq. 1.
The milk fat contents were calculated using equation 3 Eq. 3 . PPBu Method A, mean in Eq. 3 is the mean PPBu content in BO g/100 g BO obtained in section 2.3.1.
Milk fat content PPBu g/100g oil / PPBu Method A, mean 100 Eq. 3
Method B
The butter-blended margarine was prepared according to the procedure detailed in section 2.3.2. The purchased butter cookies were crashed and diluted directly with 2-propanol to give a concentration of 40 mg/mL, and C 11 C 11 C 11 was added to the solution to a concentration of 10 μg/mL. The solution was filtered using a 0.45-μm membrane filter before analysis. The lipid content in the butter was also quantified by NMR SMART Trac2, CEM Corporation, Matthews, NC . The PPBu content in the sample g/100 g oil was calculated using Eq. 2.
The milk fat contents in the butter-blended margarine and butter cookies were calculated by equation 4 Eq. 4 . PPBu Method B, mean in Eq. 4 is the mean PPBu content in BO g/100 g BO obtained in section 2.3.2.
Milk fat content PPBu g/100 g oil / PPBu Method B, mean 100 Eq. 4
Statistical analyses
Each value is presented as mean SD. Student s t-test was employed to detect any differences. The difference was considered significant if P was less than 0.05.
RESULTS AND DISCUSSION
Two methods were used to quantify the milk fat content in butter-blended margarine in this study. TAG consisting of two long-chain saturated fatty acids and one short-chain saturated fatty acid is characteristically contained in milk fat to some extent. In fact, the AOCS official method for the quantification of milk fat in chocolate using GC-FID uses this idea. We also selected PPBu as the targeted TAG in milk fat, because the separation of these TAG isomers using the method we developed previously was very simple 16, 17 . We used rac-PPBu to prepare the calibration curve; the PPBu that originally exists in milk fat is not racemic because the amounts of the two enantiomers, namely sn-PPBu and sn-BuPP, are not the same. However, we have already confirmed that the slopes of the calibration curves for the respective enantiomers are almost the same. Therefore, the calibration curve drawn with rac-PPBu was used for the quantification of PPBu in milk fat. The chromatogram shown in Fig. 2 is a result of PBuP and racPPBu separation by the C28 column. The PBuP was eluted ahead of the rac-PPBu. This elution order was the same as that reported previously using other AAB-type TAG positional isomers, namely rac-AAB and ABA where A is palmitic acid and B is an unsaturated fatty acid . In this study, we employed a C28 column; however, the same results were also obtained using a triacontyl silylation C30 column having almost the same carbon content as the C28 column. The calibration curves obtained for rac-PPBu and PBuP are indicated in Figs. 3 and 4 , respectively. Both the curves were expressed as first-order equations over the range 1-250 μg/mL, and possess high R 2 values. The obtained calibration curves possessed higher R 2 values than those obtained by the normal-phase LC-ESI system used by Kalo et al. 15 . The LOQ and LOD of this method were calculated using the signal-to-noise ratio s/n of the LC-APCI-MS/MS chromatogram, and were determined with s/n 10 and s/n 3, respectively. LOQ and LOD were thus found to be 0.33 and 0.11 μg/mL, respectively. Consequently, this analytical method can detect fairly low levels of PPBu and/or PBuP in foods. The contents of PPBu and PBuP in BO were analyzed using Methods A and B. PBuP was not detected in BO, and this finding is probably available for the detection of interesterified milk fat in foods. The same observation was reported by Kalo et al. using the normal-phase LC-ESI system 15 . Buchgraber et al. developed a quantification method for milk fat in chocolate, employing PSB as an indicator using GC-FID. However, this method can not detect and quantify such a TAG positional isomer pair. This point is one of the advantages of our developed method. The contents of PPBu in BO are compared in Table 1 . The average PPBu contents quantified by Methods A and B are 3.91 and 3.99 g/100 g BO, respectively, with no significant difference between the two results. The results of recovery tests for Methods A and B were 99.9-105.0 and 106.5-110.1 , respectively. According to these results, the developed Method B was equivalent to Method A. This is a big advantage, because sample preparation using Method B is fairly simple, and the simplification of the procedure is linked to a decrease in error. Incidentally, the characteristic of BO used in our investigation was also evaluated using a conventional method for the quantification of milk fat in milk-fat-blended food using GC-FID. The result for the Bu content was 3.52 g/100 g BO on average, which was a little higher than the value of 3.42 g/100 g BO reported as the average value in European countries 6 . Therefore, the characteristic of the butter we examined was thought to be similar to that of European butter. The extracted BO and MO were mixed, and four types of BO and MO mixtures were prepared. The milk fat contents of Bu or PPBu in the prepared oils were analyzed by the Bu method or the PPBu method developed in this study. The results are shown in Table 2 . The two sets of results were almost the same, so the PPBu method and Bu method were considered to be equivalent. The milk fat content in butter-blended margarines 15 was quantified by Methods A and B (mean SD, n 3) margarine were almost the same, with values of 14.76 and 14.81 , respectively. The same methods were applied to the quantification of milk fat in butter cookies Table 3 . The results obtained by Methods A and B were 9.64 and 9.73 , respectively, in butter cookie oil. The milk fat content in the butter cookies was shown as 3 on the commodity label. Therefore, 3 g of milk fat must be contained in 100 g of butter cookie. The content of fat and oil was also printed on the label as 28.4 g/100 g butter cookie . Consequently, the milk fat content in the cookie oil was calculated to be 10.6 by the equation 3/28.4 100 using the values on the package. The calculated value and the results obtained by Methods A and B were almost the same. According to these results, the developed method is applicable to the quantification of milk fat in foods. 
